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doi:10.1016/j.kjms.2011.10.010Abstract This study evaluated the extent to which refractive morbidity is correlated to
preterm birth or retinopathy of prematurity (ROP) itself, or both, and examined the risk
factors associated with refractive errors in a cohort of preterm infants with and without
ROP compared with full-term infants. This longitudinal, prospective, controlled cohort study
enrolled 109 infants, including 74 preterm and 35 full-term infants. Infants were divided into
the following groups: no ROP, regressed ROP, laser-treated threshold ROP, and full-term.
Cycloplegic refraction was determined at 6 and 24 months’ corrected age. Multiple regression
models, analysis of variance (ANOVA) with post hoc comparisons, paired t test, and the c2 test
were used for data analysis. ROP status was highly predictive of significant refractive errors in
preterm infants. Eyes with laser-treated threshold ROP had significant myopia at both ages
(mean spherical equivalent [MSE] in right eye at both refractions 0.72, 1.21 diopters
[D]), astigmatism (MSE 1.62, 1.80 D), and anisometropia (MSE 0.82, 1.02 D; ANOVA
p < 0.05), and increased refractive errors across ages (paired t test p < 0.05). Eyes with re-
gressed ROP (MSE þ 0.35 D) and eyes without ROP (MSE þ 0.78 D) were less hyperopic than
the controls (MSE þ 1.60 D) before 1 year (post hoc comparisons p < 0.05). After 1 year,
however, hyperopic status, astigmatism, and anisometropia were similar to eyes withccupational Therapy, College of Medicine, National Taiwan University, and Division of Occupational
icine and Rehabilitation, National Taiwan University Hospital, 17, F4, Xu Zhou Road, Taipei, Taiwan.
du.tw (K.-c. Lin).
vier Taiwan LLC. All rights reserved.
Refractive outcome in retinopathy of prematurity 205regressed ROP (MSE þ 0.38 D, astigmatism 0.94 D, anisometropia 0.32 D), eyes without ROP
(MSE þ 0.35 D, astigmatism 0.51 D, anisometropia 0.31 D) and the controls (MSE þ 0.72 D,
astigmatism 0.59 D, anisometropia 0.50 D) by post hoc comparisons (p > 0.05). Thus, the
persistent hyperopic status across ages in patients with regressed ROP and in patients without
ROP differed significantly (paired t test p > 0.05) from that in the full-term infants, with
a reduction in hypermetropia noted for the first 2 years of life (paired t test p < 0.05). The
incidence and magnitude of significant refractive errors increased with severe ROP and with
age. Although the emmetropization process of preterm birth, including regressed ROP and
no ROP, differed from full-term birth in early infancy, we found no differences in the refractive
status after 1 year in patients with regressed ROP and in patients without ROP, who were at risk
of developing ametropia similar to that of full-term patients. Therefore, apart from laser-
treated ROP, children with regressed ROP and without ROP can likely be observed with a verbal
vision screening at 3e4 years of age.
Copyright ª 2012, Elsevier Taiwan LLC. All rights reserved.Introduction
Retinopathy of prematurity (ROP) is one of the leading
causes of infant blindness and visual impairment world-
wide. Refraction disorders such as myopia, astigmatism,
and anisometropia are common in preterm infants with ROP
or without ROP [1e5]. Fielder and Quinn [1] summarized
three types of myopia associated with premature birth: (1)
physiologic myopia; (2) myopia with preterm birth per se;
and (3) myopia induced by ROP. The prevalence of these
specific types of myopia varies and likely depends on the
preterm birth, such as low birth body weight (BBW) and
small gestational age (GA) at birth, the severity of ROP, and
emmetropization in early infancy.
We initiated this study to evaluate the extent to which
refractive morbidity is correlated to prematurity per se or
ROP itself, or both, in a cohort of preterm infants with and
without ROP compared with full-term infants. We tracked
the development of refractive errors for up to 2 years to
differentiate the emmetropization process in preterm
infants from that in full-term infants. In addition, we
evaluated the predictors contributing to the development
of significant refractive errors.Materials and methods
The Institutional Review Board of Taipei City Hospital
approved the study protocol. Informed consent was ob-
tained from parents or guardians of all participants at entry
into this long-term follow-up study. From January 2003 to
December 2009, the following preterm infants were
screened for ROP in the neonatal newborn room or inten-
sive care unit at Taipei City Hospital in Taiwan: (1) infants
with a BBW of less than 1500 g or a GA of 32 weeks or less;
and (2) selected infants with a BBW between 1500 g and
2000 g or a GA of between 32 weeks and 36 weeks, with an
unstable clinical course, including those requiring cardio-
respiratory support and who were believed by their
attending pediatrician or neonatologist to be at high risk.
The stage and severity of ROP was classified according to
the International Classification of ROP (ICROP). The pres-
ence of ROP retinal residua, including abnormallystraightened temporal retinal vessels, macular ectopia,
retinal fold, and partial or total retinal detachment, was
determined by ophthalmoscopic examination of the
posterior pole. Preterm infants were stratified into three
groups: infants without ROP, infants with regressed stage 1
and stage 2 ROP, and infants with laser-treated threshold
ROP. Full-term infants served as the control group. Preterm
infants with threshold ROP who had retinal residua after
laser treatment were excluded because refraction was not
possible.
Cycloplegic refraction was determined twice. The first
evaluation was at 6 months’ corrected age and the second
was at 24 months’ corrected age. Cycloplegia was induced
by administering 0.5% tropicamide and 5% phenylephrine
hydrochloride eye drops at 60, 55, and 50 min before the
refractive examination. All retinoscopic examinations and
measurements of the refractive index (Topcon pediatric
refractometer 1000 [PR1000] or Topcon kerato-
refractometer 7000 [KR7000]; Topcon, Tokyo, Japan) were
performed by an experienced pediatric ophthalmologist.
Refractive errors were converted into the spherical
equivalent (SE, defined as spherical errors and half of
astigmatic errors), astigmatic errors, and anisometropia
(defined as the absolute difference in SE between the two
eyes). Categoric variables were compared using the c2 test
and the Fisher exact test.
Between-group comparisons were made using one-way
analysis of variance (ANOVA) with least significant differ-
ences post hoc comparisons. Within-group comparisons
were made using the paired t test with respect to changes
in SE, astigmatism, and anisometropia between the two
test ages. To index the magnitude of group differences in
performance, h2 Z SSb/SS total was calculated for each
outcome variable. The value of h2 is independent of sample
size and represents the variability in the dependent
variable that can be explained by group. A large effect is
represented by h2  0.138, a moderate effect by
h2 Z 0.059, and a small effect by h2 Z 0.01.
The data for patient characteristics and presence of
postnatal disorders were collected, including the BBW, GA,
sex, Apgar score, ROP status, duration of artificial ventila-
tion with mechanical ventilator or continuous positive
airway pressure of more than 5 days, respiratory distress
Table 2 Relationships between the predictors and
refractive outcomes in preterm infants.
Pearson’s r
Predictive factor SE Astigmatism Anisometropia
ROP stage 0.430* 0.510* 0.343*
Sex 0.321*
BBW 0.227* 0.376*
GA 0.289* 0.382*
Apgar score 0.291* 0.452*
O2 usage > 5 days 0.290* 0.384*
PVL 0.334*
Apnea 0.346*
The table lists only variables showing strong correlations with
refractive outcomes on the basis of the Pearson’s correlation.
The table does not list the other variables because they were
not significantly related to the refractive outcomes in preterm
infants.
*p < 0.25.
BBW Z birth body weight; GA Z gestational age;
PVL Z periventricular leukomalacia; ROP Z retinopathy of
prematurity; SE Z spherical equivalents.
206 C.-j. Hsieh et al.syndrome, apnea, anemia, cyanotic heart disease, hyper-
bilirubinemia, intraventricular hemorrhage, necrotizing
enterocolitis, periventricular leukomalacia, and sepsis.
Predictors of distributed refractive outcomes in patients
born prematurely were identified using two steps. First, the
Pearson correlation coefficient (r) was used to examine the
associations between the risk factors and the second
refraction. The selection criterion for the entry of the
predictors into the models was set to a value of pZ 0.25. A
probability range of up to 0.25 was used to avoid the
exclusion of important factors in the model development.
In the second step, the remaining risk factors with rela-
tively high correlation with the outcomes were used in
a backward stepwise multiple regression analyses. Adjusted
R2, p values, and regression coefficients (b) were
calculated.
Results
Study samples and birth history
A total of 109 participants were enrolled into the study,
including 74 preterm infants (43 boys, 31 girls), and 35 full-
term infants (22 boys, 13 girls), comprising 35 preterm
infants without ROP, 21 preterm infants with regressed
ROP, and 18 preterm infants with threshold ROP. Sex
distribution was similar among the four study groups
(p > 0.05). Table 1 summarizes birth history, including GA
at birth and BBW by group. BBW and GA at birth varied
significantly according to the severity of ROP (p < 0.001).
Multiple regression analysis for refractive errors in
preterm infants
Factors that demonstrated strong correlations with the
refractive outcomes at second refraction are listed in
Table 2. Six predictors were entered into the SE model,
seven predictors into the astigmatism model, and one
predictor of ROP staging into the anisometropia model.
Table 3 presents the results of backward stepwise multiple
regression analyses. ROP staging and sex were significant
predictors for the SE model, which accounted for 27.5% of
the variance in SE status. ROP staging was a significant
predictor for the astigmatism and anisometropia models,Table 1 Characteristics of the 109 study participants.
Characteristics ROP study grou
None Regressed
Patients, n 35 21
Sex
Male n (%) 21 (60) 12 (57.1)
Female n (%) 14 (40) 9 (43.9)
GA at birth (weeks) 30.40  2.04 29.76  2.25
Birth body weight (g) 1541.75  244.19 1171.65  244.
Categoric data are presented as n (%); continuous data are presented
*p < 0.05 (significant differences among the study groups).
GA, gestational age; ROP, retinopathy of prematurity.which accounted for 36.9% and 11.8% of the variance of
astigmatic and anisometropic status, respectively. The
three final regression equations are as follows:
SEZ  0:983  0:502 ðROP stageÞ þ 1:025 ðsexÞ
AstigmatismZ  0:932  0:268 ðROP stageÞ
AnisometropiaZ 0:295 þ 0:209 ðROP stageÞ
The largest value of the variance inflation factors for the
three models was 2.33, indicating that multicollinearity
among the predictors did not unduly influence the regres-
sion estimates. The appropriateness of the three final
regression models was also examined. The normal proba-
bility plot and the histogram showed that the residuals
were normally distributed. The regression diagnostic
results indicated that the regression analyses were
appropriate.p Full-term group p
Threshold
18 35
10 (55.6) 22 (62.9) 0.66
8 (44.4) 13 (37.1)
26.75  2.27 39.18  1.09 <0.001*
13 928.75  347.29 3177.76  448.02 <0.001*
as mean  standard deviation.
Table 3 Backward stepwise multiple regression analysis of major factors contributing to refractive outcomes in preterm
infants.
SE Astigmatism Anisometropia
R2 0.275 0.369 0.118
F (significance) 3.84 (0.002) 5.00 (< 0.0001) 10.30 (0.002)
Contributing factor b p b p b p
ROP stage 0.502 0.014 0.268 0.043 0.209 0.007
Sex 1.025 0.005
Constant 0.983 0.932 0.295
The table lists only significant independent variables on the basis of the backward stepwise multiple regression analyses. The table does
not list the other variables because they were not significantly related to the refractive outcomes in preterm infants.
b indicates the regression coefficient.
ROP Z retinopathy of prematurity; SE Z spherical equivalents.
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Refractive data presented are levels of mean spherical
equivalent (MSE), astigmatic error, and anisometropia. Data
presented are for right eye only. Left eye data demonstrate
comparable findings (Table 4).
Preterm infants with laser-treated threshold ROP had
the lowest values of MSE at both refractions (0.72, 1.21
diopters [D]), the highest levels of astigmatism (1.62,
1.80 D), and the highest anisometropia (0.82, 1.02 D)
among the four study groups, and demonstrated significant
refractive errors, including myopia, astigmatism and
anisometropia (ANOVA, p < 0.001).
The value of MSE in eyes with regressed ROP at both
refractions (þ 0.35, þ0.38 D) and in those without ROP (þ
0.78, þ0.35 D) was lower than in the control eyes (þ1.6,
þ0.72 D) at the first refraction (p < 0.001). Moreover,
preterm infants with regressed ROP demonstrated a signifi-
cant tendency of myopia at the first refraction (post hoc
comparisons p Z 0.005) compared with the full-term
infants. However, patients with regressed ROP, those
without ROP, and full-term infants showed similar hyper-
metropia at the second refraction and had no statistically
significant differences in astigmatism or in anisometropia at
both refractions (post hoc comparisons p > 0.05).Table 4 Spherical equivalents, astigmatism, and anisometropia
Outcome measures Test age ROP study g
None
(n Z 35)
Regresse
(n Z 21
SE (D) 1st 0.78  1.11 0.35  1
2nd 0.35  1.15 0.38  0
Astigmatism (D) 1st 0.98  0.89 1.33  1
2nd 0.51  0.91 0.94  0
Anisometropia (D) 1st 0.35  0.36 0.55  0
2nd 0.31  0.55 0.32  0
Continuous data are presented as mean  standard deviation.
*p < 0.05 (significant differences among the study groups).
D Z diopters; ROP Z retinopathy of prematurity; SE Z spherical equWithin-group analyses for refractive development
with age in preterm infants
Preterm infants with laser-treated threshold ROP had
substantial progression of myopia (paired t test, pZ 0.031)
and an increase in anisometropia with increasing age
(paired t test, pZ 0.047). A nonsignificant trend was noted
toward increasing mean values of astigmatism with age
(paired t test, p > 0.05).
The decrease in hyperopic status from þ1.60 to þ0.72 D
in the controls was statistically significant (paired t test,
p Z 0.001) due to the emmetropization process in early
infancy. However, a nonsignificant trend was noted toward
decreasing mean values of SE, astigmatism, and anisome-
tropia with increasing age in patients with regressed ROP
and in patients without ROP (paired t test, p > 0.05).Discussion
Premature departure from the intrauterine environment
may affect ocular development or later emmetropization.
Postnatal stress or diseases may also alter the normal
process of ocular development. We examined the possible
predictors, particularly postnatal diseases, associated withby study groups.
roup Full-term group
(n Z 35)
p h2
d
)
Threshold
(n Z 18)
.15 0.72  2.84 1.60  1.16 <.001* .22
.91 1.21  1.85 0.72  0.89 <.001* .31
.00 1.62  1.44 0.59  1.15 .01* .11
.79 1.80  1.31 0.59  1.39 .004* .14
.68 0.82  0.91 0.57  0.42 .11 .06
.32 1.02  0.95 0.50  0.54 .002* .15
ivalents.
208 C.-j. Hsieh et al.refractive outcomes in a cohort of preterm infants with and
without ROP. Only one significant predictor of ROP status
was identified from the variables of refractive errors.
However, this present study did not identify previously re-
ported predictors such as BBW, GA, some postnatal diseases
such as intraventricular hemorrhage, periventricular leu-
komalacia, cyanotic heart disease, and severe anemia. The
variables predictive of refractive outcomes in our study are
similar to findings of previous research in Taiwan [6]. Chen
et al. [6] reported that the most important predictors were
optical components such as anterior chamber depth, lens
thickness, and axial length. GA, BBW, and some postnatal
diseases exert their effects on refractive status mainly
through indirectly affecting optical components. Low
prevalence and diverse conditions of these postnatal
systemic diseases could cause difficulty in exploring their
significance in refractive development [6].
The refractive sequelae of severe ROP have been well
documented by the Cryotherapy for Retinopathy of Prema-
turity (CRYO-ROP) and the Early Treatment for Retinopathy
of Prematurity (ETROP) studies [2e5], which stratified
patients by ROP status or by treatment modality to deter-
mine visual function and retinal structural outcomes. These
studies have found that preterm infants with severe ROP
exhibit significant refractive errors at a higher frequency
than those with mild ROP and without ROP.
This prospective, controlled cohort study considered the
effects of severe ROP and prematurity in infants with
regressed ROP and without ROP compared with full-termTable 5 Summary of longitudinal cohort studies of refractive
prematurity (ROP).
Age at examination Authors n
6 mo, 1, 2, 3.5, 4.5, 5.5 y The CRYOROP study [2] 827 W
N
6, 9 mo; 2, 3 y The ETROP study [3] 317 ET
C
6 mo; 2.5, 10 y Holmstrom et al. [11e13] 260 C
M
N
6 mo; 3, 6 y Choi et al. [17] 65 N
R

C

1, 2, 3 y Theng et al. [19] 113 R
N
Birth, term, 6 mo; 1, 4 y Saunders et al. [23] 59 N
þ
Fu
n/
6 mo; 10e12 y O’Connor et al. [9,10] 572 R
þ
6, 30 mo This present study 109 T
R
N
Fu
BBW Z birth body weight; CM Z conventional management; C
GA Z gestational age; MSE Z mean spherical equivalent; n/a Z notinfants as the controls. The present study demonstrated
that ROP status was highly predictive of significant refrac-
tive errors in preterm infants. In particular, the risk for
developing significant myopia, astigmatism, and anisome-
tropia was increased in patients with laser-treated
threshold ROP. Moreover, the incidence and magnitude of
ROP-induced refractive errors increased with the severity
of ROP and also progressed with increasing age.
Our results agree with the body of literature which has
found that severe ROP induces significant refractive errors
in preterm infants and at a higher frequency than in full-
term infants or in preterm infants with regressed ROP,
regardless of treatment [3e5], age at examination [7e15]
or ethnicity [13,16e19]. For instance, population studies
have been reported in Sweden, Korea, United Kingdom,
Singapore, and Taiwan [6,12,13,16e22], and studies by
Fledelius et al. [7,8], O’Connor et al. [9, 10], Holmstrom
et al. [11e13], Darlow et al. [14], and Ricci et al. [15]
provided long-term refractive data at school age (Tables 5
and 6 [2,3,6e15,17,19e24,26]). Our present study
extended this body of research by reporting comprehensive
refractive outcomes at the age of 2 years in Taiwanese
children who were premature.
Although more severe ROP and cicatricial diseases are
associated with the worst overall refractive outcomes,
whether prematurity per se or regressed ROP at stage 1 and
2 is associated with refractive sequelae remains contro-
versial. The different study designs and patient character-
istics may make comparisons of prior research with theoutcomes in preterm infants with or without retinopathy of
% Myopia or MSE (D) Mean GA, BBW
ith ROP: 23.0%, 28%, 24%, 21%, 20%, 19% <1251 g
o ROP: 9.9%, 13%, 12.9%, 8.5%, 7.1%, 8.9%
: 55.5%, 64.8%, 70.5%, 71.3% <1251 g
M: 61.4%, 70.7%, 71.5%, 71.6%
RYOROP: 30%, 40% 29 wk, 1161 g
ild ROP: 8%, 10%
o ROP: 3%, 6%
o ROP: þ0.22, þ0.11, þ0.27 D <28 wk, < 1250 g
OP but no cicatricial ROP: 2.37, 3.55,
3.54 D
icartricial ROP grade II: 5.16, 5.13,
4.19 D
OP: 33.3%, 33.3%, 25% <34 wk, <1500 g
o ROP: 7%, 3.4% & 3.8%
o ROP: þ0.47, þ0.87, þ2.07, þ1.86,
1.64 D
1720 g
ll-term: þ3.47, þ3.47, þ2.36, þ1.11 D,
a
3470 g
OP stage 3, 2, 1 and no ROP: 1.18,
0.71, þ0.85, þ1.07 D
< 1700 g
hreshold ROP: 0.72, 1.21 D 928 g
egressed ROP: þ0.35, þ0.38 D 1171 g
o ROP: þ0.78, þ0.35 D 1541 g
ll-term: þ1.62, þ0.72 D 3177 g
RYO Z cryotherapy; D Z diopters; ET Z early treatment;
available.
Table 6 Summary of cross-sectional studies of refractive outcomes in preterm infants with or without retinopathy of
prematurity (ROP).
Age at
examination
Authors N % Myopia or MSE (D) Mean GA or BBW
6 mo Lo CY et al. [20] 40 Threshold ROP: 70.6% ROP less than threshold: 22.2% <32 wk
No ROP: 14.3%
18 mo Morrison et al. [26] 262 Regressed ROP: 3.4%; control: 3% n/a
4 y Ricci et al. [15] 136 CRYO ROP: 38.3% <32 wk
Regressed ROP: 15.7%
No ROP: 12%
4e5 y Huang & Sun [21] 16 ROP with cryotherapy: 1.61 D 28.4 wk, 1234 g
ROP without cryotherapy: þ0.6 D 30.0 wk, 1300 g
7 y Yang et al. [22] 30 Diode-laser treated ROP: 3.87 D 28.7 wk, 1213 g
7e8 y Darlow et al. [14] 313 ROP & no ROP of better eyes: 8e17%, 1e10% <1500 g
ROP & no ROP of worse eyes: 3e15%, 17e19%
7e9 y Chen TC et al. [6] 108 Advanced ROP ( stage 3): 3.64 D 29.3 wk, 1162 g
Mild ROP (stage 1 and stage 2): 0.20 D
No ROP: 0.01 D
7e10 y Fledelius et al. [7,8] 88 Regressed ROP: 25% 31 wk, 1467 g
No ROP: 5%
10 y Larsson et al. [24] 217 CRYO ROP: 29.2% 27.5 wk, 983 g
Mild ROP: 18.2% 28.4 wk, 1141 g
No ROP: 6.8% 29.8 wk, 1214 g
Control: 1.1% 39e41 wk, 3500 g
10e12 y O’Connor et al. [9,10] 505 ROP stage 3e4: 80% <32 wk, <1500 g
ROP stage 2: 22%
ROP stage 1: 20.5%
No ROP: 16.7%
Control: 8.9%
BBW Z birth body weight; CRYO Z cryotherapy; D Z diopters; GA Z gestational age; MSE Z mean spherical equivalent; n/a Z not
available.
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[2,3,11,13,16e18] stratified patients according to ROP
status but lacked a control group of full-term infants at
similar test ages, like that used in this study. The studies of
O’Connor et al. [9,10], Cook et al. [16,18] and Saunders
et al. [23] had full-term infants as the normal control group
but only included preterm infants without ROP. Fledelius
[7,8], O’Connor et al. [10], Holmstrom et al. [11e13], and
Larsson et al. [24,25] provided refractive data at school
age, rather than at age 2 years, as studied in this present
research.
Our findings, which are supported by those of some
previous studies (e.g., the CRYO-ROP, Holmstrom et al.,
and Ricci et al. studies [2,13,15]), showed that eyes
without ROP and eyes with regressed ROP had similar
refractive distributions before preschool age. Moreover, in
accordance with Saunders et al. [23], Cook et al. [16], and
Marrison et al. [26], we also found that some preterm
infants without ROP exhibited “catching-up ocular growth”
with full-term infants before preschool age. Nevertheless,
inconsistent with our findings, Fledelius et al. [8], O’Connor
et al. [9,10], Holmstrom et al. [11], and Choi et al. [17]
demonstrated that long-term refractive error values in
some preterm infants without ROP or with mild ROP were
higher than those in full-term infants by the time they
reached school age. Thus, future research with biometric
evaluation of our preterm children at school age is war-
ranted to validate these long-term refractive outcomes.The present study demonstrated that the emmetrop-
ization process of preterm children with severe ROP, mild
ROP, and without ROP was different from that of full-term
children. We propose two different types of emmetrop-
ization in preterm infants: (1) a progressive increase in
refractive errors in children with laser-treated threshold
ROP in early childhood; and (2) the persistent refractive
status in refractive status in children with regressed ROP or
those without ROP.
The CRYO-ROP and ETROP studies, corresponding with
the first type in our study, demonstrated the across-age
refractive data from age 3 months to 3 years or to 5.5 years
in patients with threshold ROP, and indicated that the
prevalence of myopia or astigmatism increased between 6
and 9 months and remained stable after 1 year. The second
type in our study was comparable with the Holmstrom et al.
[12], Larsson et al. [24], and Saunders et al. [23] studies,
which showed a reduction in the emmetropization process
or myopic shift rate in early infant age of 6 months in
patients with mild ROP and without ROP and then was at
the same rate as normal full-term infants at age 2 years.
Thus, the emmetropization process in preterm infants
without and with regressed ROP significantly differed from
that in full-term infants, in whom the degree of hyperopia
declined in early infancy.
It has been suggested that myopia of prematurity (MOP),
the second type of myopia related to mild regressed ROP
and to no ROP, tends to regress during the first year of life,
210 C.-j. Hsieh et al.resulting in emmetropic or hyperopic refractions later;
however, this shift does not occur when severe ROP
develops. MOP is a result of arrested development of the
anterior segment and occurs irrespective of ROP status.
The features of an eye with MOP are a low axial length-to-
power ratio, a shallow anterior chamber, and a thick
lens [27].
In contrast to MOP, however, myopia after severe ROP is
relatively stable in early childhood [27]. Myopia is
secondary to severe ROP, which may range from low to high
myopia. It is not likely that laser treatment was a cause of
excess myopia related to scleral weakening in this present
study. Various hypotheses, including prominent steep
corneal curvature, extremely shallow anterior chamber,
extremely thick lens, and mild elongated axial length have
been suggested [6,28,29] and warrant consideration.
A number of limitations must be considered when
interpreting the findings of our study: First, this study did
not gather detailed biometric data, including corneal
curvature, lens thickness, anterior chamber depth, or axial
length, factors that are associated with the development of
refractive errors. Second, because all preterm infants in
our study with threshold ROP that fulfilled the treatment
criteria received laser therapy, we were unable to analyze
treatment effects on refractive outcomes. Third, the
association between types of retinal lesions and refractive
outcomes in preterm infants could not be evaluated
because the study excluded patients with retinal residua
after laser treatment. Finally, the follow-up duration in our
longitudinal cohort study was only 2 years. However, future
research with our preterm children at school age is war-
ranted to validate these long-term refractive outcomes.
In summary, children with laser-treated severe ROP had
the highest prevalence of refractive errors during the first 2
years of life, indicating that such children should be
monitored for at least 2 years. We found no difference in
the prevalence of refractive errors or in refractive devel-
opment for myopia, astigmatism, and anisometropia at age
2 years among patients without ROP, those with regressed
ROP, and full-term patients. Therefore, mild regressed ROP
and no ROP, which have a risk of developing ametropia that
is similar to that of the general population, should not be
used as a criterion for follow-up examinations of refractive
errors during the first 2 years of life. Such children can
likely be observed with a verbal vision screening in the
pediatrician’s office at 3-4 years of age.Acknowledgments
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